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(54) Tide: A METHOD FOR MAKING MOLYBDENUM AND SULFUR CONTAINING COMPOUNDS 
(57) Abstract 

A method for preparing molybdenum and sulfur containing compounds of the general formula X2M02Si2.yH20t where X is a cation 
selected from the group consisting of Na*^, K*, R4N+, R3NH+, R2NH2'', RNHs"^. NH4*, R4P*. R4As+ (R3P)2N*. R is a Ci-Caoalkyl. Ce- 
Cjoaryl, C7-C3oaralkyl or C2-C3oalkoxyalkyl group and mixtures thereof, and y is from 0 to 2. The method comprises preparing a sulfide 
solution that contains from about 9 wt.% sulfide sulfur, contacting the solution with elemental sulfur and a hydroxide; adding a molybdenum 
compound for a time and at a temperature sufficient to form a reaction mixture and a precipitate; separating the precipitate; and contacting 
the remaining reaction mixture with additional sulfide solution to form (NH4)2M02Si2.yH20. When compounds containing cations other 
than NH4'*^ are to be produced, the (NH4)2Mo2Si2.yH20 is contacted with a cation exchange compound containing a desired substitute cation 
selected from above and an anion. 
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A METHOD FOR MAKING MOLYBDENUM 
AND SULFUR CONTAINING CQMPQUNHS 

FIELD OF THE INVENTION 

The invention relates to the synthesis of 
cosipounds containing molybdentun and sulfur. More 
particularly, the invention relates to the synthesis of 
molybdenum compounds containing an M02Si2^'' anion. 

BACKGROUND OF THE INVENTION 

Commercial transition metal sulfide (TMS) 
catalysts and enzymes containing TMS sites have caused 
researchers to focus attention on the coordination 
chemistry of sulf ido-molybdenum complexes. Efforts to 
develop mononuclear, polynuclear, and heteronuclear 
Mo-S complexes which serve as structural or reactivity 
models for molybdenum-sulf ido catalytic systems have 
led to the synthesis of several molybdenum complexes. 
However, efforts to produce these complexes are signif- 
icantly restricted by the lack of appropriate Mo-S 
starting materials. 

Hydrated salts containing Mo2Si22" as an 
anion were first prepared as ammonium salts. 
A. Muller, w. Nolte, and B. Krebs, "[(82)2 Mo(S2)2 
Mo(S2)23^"' ^ Novel Complex Containing Only ^2^" 
Ligands and a Mo-Mo Bond", Anaew , Chem . I nt . Ena 1 . , 
Vol. 17, p. 279 (1978) discuss preparing M02S122" 
anion-containing salts. The method involves heating an 
ammonium sulfide solution with {NH4)2Mo04, separating 
the mixture, and cooling and diluting the filtrate. 
During the reaction, M03S132- anions are also formed. 
In addition, the synthesis led to variable yields of 
the desired ammonium salt, (NH4) 2M02S12 •2H2O. Salts 
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containing the Mo2Si2"2 anion and a cation other than 
aBmonium (NH4+) were unknown. 

M. Draganjac, et al. , "Synthesis, Interconver- 
sions and Structural Characterization of the 
[(S4)2MoS]2-, (Mo2Sio)2- and (M02Si2)2- Anions", InSESj. 
Chem, . Vol. 21, pp. 3321-3332 (1982) discuss the 
preparation of (Ph4P) 2M02Sio.56# a mixture of 
(Ph4P)2Mo2Sio and (Ph4P) 2M02S12, by reacting 
(Ph4P)2MoS4 with dibenzyltrisulf ide in dimethylforma- 
mide (DMF). Ethanol and ether were then added and dark 
red crystals resulted which were washed with ethanol 
and ether. A 58% yield of (Ph4P) 2M02S10.56 was ob- 
tained. 

S. A. Cohen, et al. , "Dinuclear Tungsten (V) 
and Molybdenum (V) Compounds Containing M2S2 (M-S) 2^"*" 
Cores: Synthesis and Reactivity of [N(C2H5)4]2M2Si2 (M 
= W or Mo) and the Crystal Structure of 
[N(C2H5) 4 32W2S2 (^-S) 2 (S4) 2" 1 J- Am, Chem. Soc, . Vol. 
24, p. 4657 (1985) teaches preparing salts containing 
M02S122" anions by reacting elemental sulfur and 
{NH4)2MoS4 in DMF and heating. A red-black solution is 
formed and tetraethylammonium bromide is then added and 
the DMF is removed at 65 'C under vacuum. The solids 
are extracted with acetonitrile to form a filtrate and 
a salt containing an M02S122"* anion is recrystallized 
from the filtrate. A 62% yield of the salt was ob- 
tained. 

Although capable of producing compounds 
containing Mo2Sx2^" anions, the reaction schemes in the 
prior art suffer from numerous drawbacks. These 
drawbacks include: low yields of M02S122* anion con- 
taining compounds; low Mo2Si22" anion purity; the 
production of dimethylammonium bromide, a skin and 
mucous membrane irritant; the need to bubble H2S gas 
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into solution to produce Mo2Si2^" anions; and diffi- 
culty in controlling the concentration of the sulfide 
sulfur reactant. As a result, the prior art prepara- 
tions are not suitable for large scale production of 
pure compounds containing the M02Si2^" anion. 

It is therefore an object of the invention to 
provide a method for producing, in relatively high 
yield, molybdenum and sulfur containing compounds in 
pure form that have 1102812^" as the anion. 

Another object of the invention is to provide 
a method for producing molybdenum and sulfur containing 
compounds that have M02S122" as the anion that provides 
a means for controlling the sulfide sulfur concentra- 
tion of the reaction. 

Other objects of the invention will become 
more apparent to those ^killed in the art upon reading 
the following description in conjunction with the 
examples, provided for illustrative purposes. 

SUMMARY OF THE INVENTION 

The invention is a method for preparing 
compounds containing molybdenum and sulfur having the 
general formula X2Mo2Si2-yH20, where X is a cation 
selected from the group consisting of Na+, K"*", R4N"^*, 
R3NH+, R2NH2+, RNH3+, NH4+, R4P"^/ R4AS+, (R3P)2N+ and 
mixtures thereof where R is a C1-C30 alkyl, C6-C30 
aryl, C7-C30 aralkyl or C2-C30 alkoxyalkyl group and 
where y is from 0 to 2 comprising: 

(a) preparing a sulfide solution containing 
from about 9 wt.% to about 13 wt.% sulfide sulfur; 
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(b) contacting the sulfide solution with 
elemental sulfur and a hydroxide to form a polysulfide 
solution; 

(c) adding a molybdenum compound to the 
polysulfide for a time and under conditions sufficient 
to form a reaction mixture and a precipitate; 

(d) separating the precipitate from the 
reaction mixture; 

(e) contacting the reaction mixture with 
additional sulfide solution in an amount sufficient to 
form (NH4)2Mo2Si2yH20; and, 

(f) when X is to be other than NH4+, the 
(NH4)2Mo2Si2-yH20 crystals are separated, dried and 
then contacted with a compound containing a cation 
selected from the group consisting of Na+, 

R3NH+, R2NH2+, RNH3+, NH4+, R4P+, R4AS+, (R3P)2N+ and 
mixtures thereof and where R is a C1-C30 alkyl, C6-C30 
aryl, C7-C30 aralkyl or C2-C30 alkoxyalkyl group, in 
the presence of solvent and for a time sufficient to 
form a precipitate of the general formula 
X2Mo2Si2yH20, Where X is other than NH4+. 

In another aspect of the invention step (a) 
includes preparing a sulfide solution by diluting a 
commercial sulfide solution containing greater than 13 
wt.% sulfide sulfur with an appropriate amount of water 
until the sulfide sulfur of the solution ranges from 
about 9 wt.% to about 13 wt.%. 

pmXLE;p pi;SCRIPT^ON 

Compounds containing M02S122" anions are 
important precursors to molybdenum sulfide 
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hydrogenation catalysts. The invention involves 
preparing a polysulfide solution comprised of a sulfide 
solution, elemental sulfur and hydroxide and reacting 
the polysulfide solution with a molybdenum compound. 

The term "polysulfide" is defined herein as a 
series of complex divalent negative sulfide ions, 
(Sx^") I formed by contacting a sulfide source, with 
elemental sulfur and a hydroxide in the presence of 
water. The most preferred sulfide source is ammonium 
sulfide, however, other types of sulfide sources may be 
used such as, an alkaline metal sulfide of either 
sodium or potassium. The elemental sulfur added to the 
sulfide source complexes with the sulfide source to 
form these complex divalent negative sulfide ions. 
Elemental sulfur exists in rhombic, monoclinic and 
amorphous sulfur form and may be derived from a number 
of conventional sources. The hydroxide includes ammoni- 
um hydroxide and alkali metal hydroxides such as sodium 
and potassium hydroxide, however, most preferred is 
ammonium hydroxide. 

The sulfide sulfur concentration of the 
sulfide solution is essential to the preparation of 
compounds containing the M02S122' anion under the 
method of the present invention. Sulfide solutions that 
have from about 9 wt.% to about 13 wt.% sulfide sulfur 
are the most preferred. It has been found that sulfide 
solutions containing from about 19 wt.% to about 25 
wt.% sulfide sulfur do not produce pure 
(NH4) 2M02Si2yH20 crystals in sufficient yield for 
commercial exploitation and contribute to the produc- 
tion of compounds containing various other Mo-S anions. 
Normally, the sulfide sulfur concentration of a sulfide 
solution is determined by iodometric titration and 
reported as the percent (NH4)2S. However, since all of 
the sulfide sulfur may not be present as (NH4)2S the 
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weight percent sulfide sulfur is determined herein by 
direct chemical analysis. 

Commercial sulfide solutions may be used, 
however, the sulfide sulfur concentration of these 
solutions will vary depending on the commercial sup- 
plier* These solutions must therefore be adjusted to 
fall within the range of from about 9 wt,% to about 13 
wt.%. In order to make these adjustments the sulfide 
solution is diluted with the required amount of water 
until the desired weight percent sulfide sulfur in 
solution is obtained. 

Sulfide solutions, such as aqueous ammonium 
sulfide, may be prepared in the laboratory by bubbling 
H2S through a solution of a concentrated hydroxide, 
such as NH4OH (14.8 N) , at ambient temperatures and 
atmospheric pressure. However, as with some commercial 
sulfide solutions the sulfide sulfur concentration that, 
results is greater than 13 wt.% and in some cases is 19 
wt.% or greater. The commercial sulfide solution must 
then be diluted with water so that the sulfide sulfur 
concentration is adjusted to be in the desired range. 

Other methods of preparing suitable sulfide 
solutions may exist and these may also be used in 
connection with the present invention. 

Having prepared the sulfide solution the next 
step involves contacting the sulfide solution with a 
specified amount of elemental sulfur and a hydroxide to 
fozia the poly sulfide solution. Next the polysulfide is 
reacted with a molybdenum compound and the combined 
polysulfide solution and molybdenum compound is stirred 
for several hours and forms a reaction mixture and a 
precipitate. 
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The molybdenum compound employed must be 
reactive with the polysulfide solution. Molybdenum 
compounds that have a hexavalent Mo bound by oxygen are 
most preferred. These molybdenum compounds are select- 
ed from the group consisting of molybdic acid, molyb- 
date and molybdenum trioxide; preferred are ammonium 
molybdate and molybdenum trioxide; and most preferred 
is ammonium molybdate. 

In order to maximize the yield of molybdenum 
and sulfur compounds containing pure Mo2Si2^" anions, 
it is preferred that the sulfide solution, elemental 
sulfur, hydroxide and molybdenum compounds be formulat- 
ed in a fixed ratio amount. A preferred ratio is shown 
below. 

Ammonium Sulfide Solution (ml) 10 

(9 wt.% to 13 wt.% sulfide sulfur) 
Elemental Sulfur (g) 4 
Concentrated Hydroxide (ml) 5 

(ammonium hydroxide) 
Molybdenum Compound (g) i 
(NH4) 6M07O24 -41120 ammonium molybdate) 
Additional Ammonium Sulfide (ml) 20 
(9 wt.% to 13 wt.% sulfide sulfur) 

A precipitate forms in the reaction mixture 
after the addition of the first four reagents and is 
later separated from the reaction mixture and discard- 
ed. The separation may be accomplished by any number 
of conventional techniques. For example, the reaction 
mixture, containing the precipitate, may be mechanical- 
ly separated by centrifugation or passed through porous 
filters sized to impede the passage of the precipitate 
particles. 
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The reaction mixture is then contacted with 
the additional sulfide solution containing from about 9 
wt.% to about 13 wt.% sulfide sulfur in the ratio shown # 
above to form (NH4) 2M02S12 •yH20 crystals. These 
crystals begin to appear about 3 0 minutes to about 120 % 
minutes after the reaction mixture is contacted with 
the sulfide. Once formed, the crystalline product is 
separated and washed with a solvent in a manner similar 
to that previously described. 

Solvents suitable for use in the invention 
must be capable of solubilizing all of the reagents 
without altering the amount of available sulfide sulfur 
and include organic solvents such as alcohol, ether, 
acetonitrile, inorganic solvents, such as water, and 
mixtures thereof; most preferred is water. 

The cation, X, of the crystalline product is 
NH4+, but compounds containing cations other than NH4+ 
may be obtained by a cation exchange reaction. The 
cation exchange reactions involve reacting (NH4)2M02Si2 
crystals, with compounds containing the desirable 
cation and an anion. The cation exchange is . carried 
out in the presence of a solvent and a precipitate 
forms. The precipitate is a compound having the 
general formula X2Mo2Si2-yH20, where X is the desired 
cation substitute. 

The cation of the cation exchange compound is 
selected from the . group consisting of Na"*", K+, R4N**', 
R3NH+, R2NH2+, RNH3+, R4P+, R4AS+, (R3P)2N+ where R is 
a C1-C30 alkyl, C6-C30 aryl, C7-C30 aralkyl or C2-C30 
alkoxyalkyl group, and mixtures thereof. Preferred R 
groups include ethyl, propyl, butyl, benzyl, and 
phenyl . 
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The anion of the cation exchange compound is 
selected from the group consisting of Cl~, Br", F", I", 
BF4-, PF6"r 0H-, BR4- where R is a C1-C30 alkyl, C6-C30 
aryl, C7-C30 aralkyl or C2-C30 alkoxyalkyl group, and 
mixtures thereof. 

The method is carried out at temperatures 
ranging from the higher of the melting point of the 
precipitate in the reaction mixture or the reflux 
temperature of the reaction mixture to as low as 0"C 
and more preferably is carried out from about 15 to 
about 100 *C and most preferably is carried out at room 
temperature (250C) . The pressure is preferably atmo- 
spheric pressure, although higher or lower pressures 
may be used. 

The invention may be further understood by 
reference to the following examples which are included 
for illustrative purposes and are not intended to limit 
the scope of the invention in any way. 

Example 1 

Synthesis of (NH4) 2M02S12 •2H2O 

Ammonium molybdate (20 g) is added at room 
temperature to 200 ml of an aqueous ammonium sulfide 
solution containing about 9 wt.% to about 13 wt.% 
sulfide sulfur, elemental sulfur (80 g) and concen- 
trated ammonium hydroxide (100 ml). The resulting 
mixture was stirred for 24 hours until a precipitate 
formed and was filtered. The precipitate was discarded 
and the filtrate obtained was diluted with 400 ml of 
additional aqueous ammonium sulfide solution containing 
about 9 wt.% to about 13 wt.% sulfide sulfur. Black 
crystals formed in the above solution in 1 hour to 2 
hours. The mixture was then filtered, washed with H2O, 



wo 95/29126 



PCT/US94/04573 



- 10 - 



ethanol, CS2/ ether and dried to give 34 g of the black 
solid, (NH4)2Mo2Si2-2H20, in 92% yield based on molyb- 
denum. Chemical analysis of the (NH4) 2M02S12 •2H2O 
product gave the following results: 



Wt.% 



Component Theoretical Actual 

Ho 29.58% 28.86% 

S 59.30% 62.43% 

N 4.32% 4.25% 



Example 2 



Synthesis of (NH4)2Mo2Si2-2H20 

Ammonium molybdate (30 g) was added at room 
temperature to 150 ml of an aqueous ammonium sulfide 
solution containing 19% sulfide sulfur, water (150 ml), 
elemental sulfur (120 g) and concentrated ammonium 
hydroxide (150 ml). Since the sulfide sulfur content 
of the solution is about 19 wt.% which is outside of 
the desired range, the solution was first diluted with 
150 ml water so that the final sulfide sulfur concen- 
tration was about 9.5 wt.%. The resulting mixture was 
stirred for 2 4 hours and filtered. The precipitate was 
discarded and the filtrate was diluted with an ammonium 
sulfide solution prepared by diluting an additional 300 
ml of ammonium sulfide solution, containing 19% sulfide 
sulfur, with 300 ml water. Black crystals grew from 
the above solution in 1 to 2 hours. The mixture was 
then filtered, washed with H2O, ethanol, CS2, ether and 
dried to give approximately 34 g of the black solid, 
(NH4)2Mo2Si2 '21120, in approximately 92% yield based on 
molybdenum. 
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Synthesis of [ (BU4N) 2M02S12] .2H2O by Cation Exchange 

Excess tetrabutylammonium chloride was added 
to methanol (60 xal) saturated with the 
(NH4)2Mo2Si2-2H20 salt prepared in Example 1. Black 
crystals rapidly formed and were filtered and washed 
with ether and air dried to give 500 mg of 
[ (BU4N) 2M02S12 ] • 2H2O. 

Although particular embodiments of the 
invention have been shown and described, it is to be 
understood that the scope of the invention is not 
limited to these embodiments, since modifications can 
be made by one of ordinary skill in the art. 
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CLAIMS 

1. A method for preparing molybdenum and sulfur containing 
compounds of the general formula X2Mo2Si2-yh20, where X is a cation 
selected from the group consisting of Na+, K+, R4N+, R3NH+, R2NH2+, 
RMH3+, NH4+, R4P+, R4AS+, (R3P)2N+, R is a C1-C30 alkyl, C6-C30 aryl, 
C7-C30 aralkyl or C2-C30 alkoxyalkyl group, and mixtures thereof, and 
y is from 0 to 2, comprising: 

(a) preparing an ammonium sulfide solution containing from 
about 9 wt.% to about 13 wt.% sulfur; 

(b) contacting the sulfide solution of step (a) with an 
appropriate amount of elemental sulfur and a hydroxide* to form a 
polysulfide solution; 

(c) adding a molybdenum compound selected from the group 
consisting of molybdic acid, a molybdate and molybdenum tri oxide to 
the polysulfide solution for a time and a temperature sufficient to 
form a precipitate in the solution; 

(d) separating the precipitate from the solution to obtain 
a precipitate-free solution; 

(e) contacting the precipitate-free solution with addi- 
tional ammonium sulfide solution containing from about 9 wt.% to about 
13 wt.% sulfide sulfur, in an amount and for a time and at a 
temperature sufficient to form (NH4)2Mo2Si2-yH20; and, 

(f) when X is to be other than NH4+, the (NH4)2Mo2Si2-yH20 
formed in step (e) is separated, dried and then contacted with a 
solution of cation exchange compounding containing a cation selected 
from group consisting of Na+, K+, R4N+, R3NH+, R2NH2+, 
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RNH3+, R4P+, R4AS+, (R3P)2N+, where R is a C1-C30 alkyl, C5-C30 aryl , 
C7-C30 aralkyl or C2-C30 alkoxyalkyl group, and mixtures thereof, and 
an anion selected from the group consisting of C1-, Br-, BF4-, 
PF6-, 0H-, Br4-, where R is a C1-C30 alkyl, C5-C30 aryl, C7-C30 
aralkyl; C2-C30 alkoxyalkyl group, and mixtures thereof, and for a 
time sufficient to form a precipitate of the general formula 
X2Mo2Si2-YH20, where X is not NH4+* 

2. The method of claim 1 wherein step (a) comprises 
preparing a sulfide solution by obtaining and diluting a sulfide 
solution having 19 wt.% or greater sulfide sulfur with an appropriate 
amount of water until the sulfide solution has from about 9 wt,% to 
about 13 wt.% sulfide sulfur. 

3. The method of claim 1 wherein the molybdenum compound 
is ammonium molybdate. 

4. The method of claim 1 wherein the hydroxide is ammonium 

hydroxide. 

5. The method of claim 1 wherein the sulfide solution is 
an ammonium sulfide solution. 

6. The method of claim 1 wherein the time for step (c) 
ranges from about 1 hour to about 48 hours, 

7. The method of claim 6 wherein said time is about 1 

hour. 

8. The method of claim 1 wherein the temperature ranges . 
from about 0*C to about lOO'^C. 

9. The method of claim 8 wherein said temperature is room 
temperature (25'C). 

10. A method for preparing (NH4)2Mo2Si2'yH20 where y is 
from 0 to 2, comprising: 
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(a) preparing an ammoniufn sulfide solution, containing from 
about 9 wt.% to about 13 wt,% sulfide sulfur; 

(b) contacting the ammonium sulfide solution with elemental 
sulfur and ammonium hydroxide to from an ammonium polysulfide solu- 
tion; 

(c) adding ammonium molybdate to the polysulfide solution 
and stirring the combination for about 1 hour to about 24 hours at 
room temperature (25*C) and atmospheric pressure to form a precipitate 
in the solution; 

(d) separating the precipitate from the solution to obtain 
a precipitate free solution; 

(e) contacting the precipitate free solution with an 
ammonium sulfide solution, containing from about 9 wt.% to about 

13 wt.% sulfide sulfur, in an amount and for a time sufficient to form 
(NH4)2Mo2Si2-yH20. 



INTERNATIONAL SEARCH REPORT 



Intc .ional application No. 
PCT/US94/04573 



A. CLASSIFigATION.OF SUBJKCT MA ri KR 
IPC(5) :COrG 39/06 " 

US CL :423:5ll, 53. 56, DIG. 14; 502:220 
According to International Patent ClaKKification (IPC) or to hoih national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 423: 53. 56. 57, 511, 560. DIG. 14; 502:220 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consuliod during the internaltnnal search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet. 



C. DOCUMENTS CONSIDEUKD TO HE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DRAGANJAC et al., "SYNTHESIS, INTERCONVERSIONS, 
AND STRUCTURAL CHARACTERIZATION OF THE l(S4MoSJ^- 
. [(S4)2MoO]', lIMojSio)') AND [MOjSizl^l ANIONS"; 
INORGANIC CHEMISTRY VOL. 21, NO. 9 (1982), PAGES 
3321-3332. 

MULLER, A., et al.,"(NH,)2 [(S,), MolSjljMolSilj] .2H2O, A 
NOVEL SULFUR-RICH COORDINATION COMPOUND WITH 
TWO NONEQUIVALENT COMPLEX ANIONS HAVING THE 
SAME POINT GROUP BUT DIFFERENT STRUCTURES: 
CRYSTAL AND MOLECULAR STRUCTURES"; INORGANIC 
CHEMISTRY VOL. 19, NO. 9 (1980), PAGES 2835-2836. 



1-10 



1-10 



Further documents arc listed in the continuation of Box C. 



□ 



Sec patent family annex. 



'A- 



•0- 

.p. 



Special cnicf ohu of ct!c<l docuinenu: 

tlocuincni denning the general nlMe oflheari whicli n mil cuiutidcivd 
to be of particutar relcv.ini;e 

earlier dociuncnl puhlixhcd on or after Uie inicnuilinnni filing dale 

document whi^'li mny throw doubu on prk)ril>- cl:iim(!«) or which w 
cited 10 cAi:ibli!ih the publication date of another citation or odicr 
special reuKon (us xpccificd) 

documem rclemng to un oral dtxclOMuru. umc. cvhibilion or iillier 
meaan 

docuineni piihliithed prif*r 10 the mlcniatinnat fdinf date htit bliT tlun 



laier document publUhed after the iniematlonal nting date or priority 
date and not m connict with the applicfttion but cited to tinderatand the 
principle or theoiy under lyin| the invention 

document of panicubr felevoncc; the cloimed inventioa cannot be 
considered novel or cannot be comidered to involve an inveniive step 
when the document in taken alone 

document of particular relevance; the cbimed invention cannot be 
coaikJered 10 involve an inventive step when the document ii 
combined with one or more other such document!, such combination 
being obviouK to a penon skilled in the art 

docuntent member of ihe name patent family 



Date of the actual completion of the international search 
18 JUNE 1994 


Date of mailing of the international search report 

JUL 1 2 1994 


Name and mailing address of the ISA/US 
Commissioner of Palents and Trodenuirks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


^TIMOTHY C. VANOY ^ 
'Telephone No. (703)308-2540 



Form PCT/ISA/210 (second shect)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



Inle. ..lional application No. 
PCT/US94/04573 



C (Continuation). vOOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indicitinn. where appropriate, of the relevant pa.<!.sages 



Relevant to claim No. 



M&LLER, A., et al., [(S2)jMo(S,)j Mo(Sj)2f , A NOVEL 
COMPLEX CONTAINING ONLY Sj'" LIGANDS AND A Mo- 
Mo BOND"; ANGEW. CHEM. INT. ENGL., VOL. 17 (1978) 
PAGE 279. 

US, A, 4,430,442 (SAWYER ET AL.) 07 FEBRUARY 1984, 
SEE COL. 17 LINE 54 TO COL. 20 LINE 14. 

US, A, 3,860,419 (WEBER ET AL.) 14 JANUARY 1975 SEE 
COL. 4 LINE 25 TO COL. 6 LINE 7. 

US. A, 3,965.041 (van KLINKEN ET AL.) 22 JUNE 1976 SEE 
COL. 1 1 LINE 55 TO COL. 12 LINE 66. 



1-10 



1-10 
1-10 
1-10 



Form PCT/ISA/210 (continuation of second shect)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



Ime. ^lional application No. 
PCT/US94/04573 



B. FIELDS SEARCHED-" 

Electronic data bases consulted (Name of data base and where practicable terms used): 

APS: Search terms: POLY(W)(SULFIDE? OR SULPHIDE?). MOLYBDENUM, 
(MoiS.O. M:Sp^HYDR0GENATI0N.(P0LYSULFIDE7 0R POLYSULPHIDE?), 

(AMINE? OR PHOSPHATE? OR ARSENATE?). (XjMo,S,j), ELEMENTAL (W)SULFUR, HYDROXIDE 



Form PCT/lSA/210 (extra shcet)(July 1992)* 



